Background: Viper envenomation is one of the common toxicities encountered in temperate countries; and one of the important causes of death. Egypt is one of the countries suffering from this problem. Cerastes cerastes is one of the most abundant venomous viper species in North Africa and the Middle East. Envenomation by vipers is characterized by prominent local tissue damage as well as systemic alterations in the form of coagulopathy that induces spontaneous hemorrhage. Antivenoms are the mainstay of treatment; however they are of little effectiveness in treating the local effects. Owing to their side effects and the decrease in their overall worldwide production, new therapeutic strategies are encouraged worldwide. The aim of the present work was to study the efficiency of wide local excision of the venom injection site in ameliorating the effects of Cerastes cerastes viper venom in adult albino rats. Methods: Six groups of adult albino rats; each comprising 6 rats of both sexes were used in this study. Three groups were used as controls. One group was injected with venom only, and two groups were injected with venom followed by the surgical procedure. An appropriate volume of the reconstituted venom containing the LD50 was injected subcutaneously to each rat. This was followed in the two groups by excision of a calculated area of the skin and subcutaneous tissue around the injection site. The skin defect was closed by undermining and direct closure in one group and by using Limberg flap in the other group. Healing and cosmetic results were compared in both groups. Results: The study groups with wide local excision of the venom injection area showed statistically significant correction of the blood picture, coagulation profile and CPK level when compared to the results of the group with unopposed venom effects. Local healing progressed normally in the surgically treated groups with a normal scar observed after complete superficial healing and there was no incidence of infection or skin edge necrosis. Conclusions: Wide local excision of the venom injection area was proved efficient in ameliorating the systemic alterations caused by Cerastes cerastes viper venom. It also produced a cosmetically appealing scar that is not reached with using other treatment strategies owing to the occurrence of the healing process in healthy tissues in our case. The use of Limberg flap produced better cosmetic results than direct closure
INTRODUCTION
The combination of defibrination, thrombocytopenia and vessel wall damage results in massive bleeding, a common cause of death following bites by vipers. Patients may exhibit bleeding from the bite site or venipuncture sites, but more commonly there is also bleeding from the gums, and gastrointestinal tract bleeding (manifest as hematemesis or melena) and hematuria. Bleeding into a major organ or space (e.g., intracranial) could also 
MATERIALS & METHODS:
Animals Forty-four adult albino rats of both sexes and of average age of 3-6 months and weight of 180-220 grams were chosen for this experiment. Both sexes were included to bypass the effect of sex on the toxic response, and pregnant rats were excluded from the experiment to avoid the effect of pregnancy on the tested parameters. Animals were housed in standard conditions and received normal balanced diet and tap water. The experiments took place in the Medical Research Center, Ain Shams University.
Venom
The crude venom of Cerastes cerastes was supplied by the Medical Research Center, Ain Shams University in a powder form. Cerastes cerastes species was chosen because it is the most abundant species of vipers in Egypt (Saleh, 1997).
Dose of the venom: The dose of the venom was calculated according to the LD50 which was already calculated by Abdel-Aal and Abdel-baset (2010) for the same species in Egypt, and which was equal to 0.950 mg/kg. In order to confirm the correct value of LD50, a pilot study was conducted where 4 rats were given this dose subcutaneously and were inspected after 24 hours and 50% of them were recorded dead. This LD50 was used throughout the experiment.
Preparation of the venom reconstitute: The powder venom was weighed by the microbalance and a multiple of the LD50 was prepared. Just before its use, the powder venom was reconstituted by appropriate mixing with normal saline. The same reconstitute was used throughout the experiment to assure equal concentration of the injected venom. The volume of saline used was calculated so that each ml of the reconstitute would contain the exact concentration of the venom LD50.
Venom injection was administered once for each animal as the snakebite is an acute insult. The injections were given subcutaneously in the lower right quadrant of the back of the animal. The subcutaneous (S.C.) route was chosen to simulate the natural event as most bites pour the venom subcutaneously (WHO, 2007). Each animal was weighed and the appropriate volume of the reconstituted venom containing the LD50 was administered.
Study Groups
The rats were divided into 6 groups where each group comprised 6 rats (3 males and 3 females). Group I was the negative control group that received nothing except food and shelter. Groups II, III were the positive control groups, Egypt J. Forensic Sci. Appli. Toxicol Vol 18 (1), march 2018
where group II was given S.C. injection of normal saline and group III was given ether by inhalation. These two groups (II and III) were treated with saline alone and ether alone in order to check if saline and/or ether have an effect on the tested parameters. Group IV was the venom group and was given S.C. injection of the venom. Groups V was the direct suture group and group VI was the skin flap group. Both (group V and VI) were given S.C. injection of the venom followed after 30 minutes by excision of the skin and subcutaneous tissue (while using inhalational anesthesia with ether) of the injection site, and surgical interference was done in group V by direct sutures and in group VI by skin flap.
Calculation of the area to be excised A pilot study was conducted in order to clinically determine the extent of the area to be excised. Four rats were given S.C. venom injection, and sacrificed after 30 minutes. The subcutaneous area of edema and hemorrhage was measured and an average was decided with an addition of a safety margin of 5 mm. This was the standard area (as shown in Figures 1 & 2) excised in all animals throughout the experiment and it measured 2.5 cm x 3.5 cm.
Methodology and technique of excision and wound care
For groups V and VI excision of the standard area was done followed by good hemostasis by pressure dressing until sutures were done. The excision created a defect that was closed by undermining and direct closure in group V while in group VI Limberg flap was created to close the defect. The skin marking for direct suture and Limberg flap are shown in Figures 3 & 4 respectively. Wound care was done for both groups where the wounds were left open and dressings were applied. The healing process and monitoring of possible complications have been followed-up for four weeks, after which the rats were sacrificed and the inner aspect of the skin was inspected for healing. Sample collection and lab tests Three hours after injection according to Barbosa et al. (2003) , venous blood samples were collected and the laboratory data were determined for each group. The tested parameters were complete blood count (CBC), prothrombin time (PT), partial thomboplastin time (PTT), fibrinogen level, fibrin degradation products (FDPs) and creatine phosphokinase (CPK). The rats of the venom group IV were sacrificed after sample collection and the other groups were followed up for four weeks.
Statistical analysis All the obtained data were recorded, presented as mean ± SD and were statistically analyzed using analysis of variance (ANOVA) and ttest. Chi-Square test was used to test the association variables for categorical data and Fisher's exact test was used in tables containing values less than 5. A P value less than 0.05 was considered as significant.
Ethical considerations
All experiments complied with the ARRIVE guidelines and were carried out in accordance with the EU Directive 2010/63/EU for animal experiments.
RESULTS

Control groups lab results
There were no significant differences (P value >0.05) between the negative control group (I) and the two positive control groups (II & III) regarding the laboratory tested parameters (Tables 1 & 2 Naked eye examination for the venom injection area in the venom group revealed the presence of edema and areas of hemorrhage on the outer surface of the skin while on the inner surface of the skin areas of tissue necrosis were observed in addition to edema and hemorrhage. The injection area in the negative control group was normal in appearance. The lab results for the direct suture group showed improvement of blood picture and coagulation profile when compared to the venom group (IV) where there was a statistically significant increase in the RBCs count, hemoglobin concentration, and platelets count whereas there was a statistically non-significant decrease in WBCs count. There was also an improvement in the coagulation profile, where there was a statistically significant decrease of PT and PTT, and FDPs level and a statistically significant increase in the fibrinogen level and decrease in CPK level (Tables 2 & 4 
Group VI (the skin flap group)
The lab results for the skin flap group showed improvement of blood picture and coagulation profile when compared to the venom group (IV) where there was a statistically significant increase in the RBCs count, hemoglobin concentration, and platelets count whereas there was a statistically non-significant decrease in WBCs count. There was also an improvement in the coagulation profile, where there was a statistically significant decrease of PT and PTT, and FDPs level and a statistically significant increase in the fibrinogen level. There was also a statistically significant decrease in CPK level (Tables 2 & 5) . Comparison between group V (the direct suture group) and group VI (the skin flap group) regarding local healing of the excision area Local healing progressed normally in both groups and a normal scar was observed after complete superficial healing. Serial daily photographs were taken to both groups during the healing process until superficial healing was observed (figures 5-13). The resulting scar width ranged from 1.25 mm to 2 mm in group V and from 0.58 mm to 1 mm in group VI. The resulting scar was compared using the width of the scar in group V versus (counter base scar) in group VI where the width of scar in group V was more than that of group Egypt J. Forensic Sci. Appli. Toxicol Vol 18 (1), march 2018
VI.
Complications in the form of infection and necrosis were monitored where there was no incidence of infection or skin edge necrosis either in Group V or in Group VI. In the present study, there was no effect for saline or ether observed in the laboratory results of the control groups (groups II and III). In Group IV, after subcutaneous injection of Cerastes cerastes venom in the rats, local edema and hemorrhage were observed by the naked eye in the area of injection and were confirmed by dissecting the skin and inspecting the inner surface. These local findings are part of the classic picture of local effects of viper venom that was described by White (2004) and Warrell (2012) reporting that the local action of toxins on muscle, skin and blood vessels, causes edema, bleeding and necrosis of skin, subcutaneous tissues and muscle which may result in permanent sequel.
Systemically, in the present study, Cerastes cerastes viper venom caused a state of coagulopathy which was proved by altered laboratory results in the venom group. There was a decrease in RBCs count, hemoglobin level, platelets count, an increase in WBCs count, increase in the level of CPK, and FDPs as well as prolongation in PT and PTT.
These findings are in accordance with Warrell ( In the present study, wide surgical excision of the venom injection site was decided in order to excise the local venom depot in a trial to ameliorate its systemic effects. The technique resulted in relative correction of most of the altered laboratory findings caused by the venom, where there was a statistically significant difference in all the laboratory studied parameters in groups V and VI in comparison to the findings in the venom group IV. There was a statistically significant increase in the RBCs count, hemoglobin concentration, platelets count as well as a statistically significant decrease of PT and PTT, and FDPs levels and a statistically significant increase in the fibrinogen level. There was also a statistically significant decrease in CPK level when compared to the venom group. The only parameter with a nonsignificant change was the WBCs count. This finding is in accordance to absorbed, that's why some apparently mild cases turn severe, and others deteriorate after initial good response to treatment. This is due to the continuous absorption of venom from the bite site. This explains the correction of most of the laboratory findings after excising the venom injection site in the present study.
Rucavado et al. (2000)
stated that the observations in mice and rats, concerning the need of an immediate administration of venom inhibitors, should not be simply extrapolated to human cases. It is suggested that the time course of local tissue damage in humans is not as rapid as in rodents and, therefore, the time lapse in which inhibitors injection may be beneficial is likely to be more prolonged. These findings make the obtained results from the present study applicable in real life as the area excised in rats would not be reflected as a percent area from total body area to be applied on humans and the time of surgical intervention in humans would be more prolonged than 30 minutes.
In the present work, none of the rats in all groups died. This proves the possibility of high effectiveness of the surgical treatment used in ameliorating the effects of Cerastes cerastes viper venom. This could also be beneficial in cases of envenomation in areas where the antivenom is not available as well as decreasing the needed therapeutic antivenom dose if it is available. According to Pardal et al. (2004), most of the cases are bitten in remote areas away from the medical services and there is always a recorded delay of more than 10 hours before receiving efficient treatment (Pardal et al.,  2004) .
In the present study, groups V and VI with the surgical excision of the injection area have been followed up for three weeks until complete superficial healing occurred. Healing is a condition that restores the internal and/or external physical integrity of body structures and includes complex interactions between cells and several other factors. It is a dynamic and complex process, consisting four highly integrated and overlapping phases: hemostasis, inflammation, proliferation, and tissue remodeling. 
CONCLUSIONS
In the present study, wide local excision of the venom injection site and immediate closure of the resultant defect resulted in amelioration of the local and systemic effects of viper envenomation. The study proved the efficacy of this method, as there was improvement of all laboratory results as well as absence of infection and edge necrosis in the local area of venom injection. In addition, no deaths were recorded in both treated groups of the study. This method could be used as an adjuvant or substitute to current treatment strategies used to treat the effects of viper envenomation.
RECOMMENDATIONS:
Based on the outcomes of the present study the following are recommended:
-Experimental trial of the treatment strategy used in the present study with venoms of other viper species.
-The use of wide local excision of the bite site and immediate closure of the resultant defect in human clinical trials as an efficient treatment strategy for viper envenomation.
-The use of Limberg flap for wound closure for less wide scar and better cosmetic results. 
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